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Introduction
Deposits of the Last Interglacial have been recorded along the south and southeastern Spanish coast as three highstand sedimentary units. They consist of marine deposits, with a warm fauna of Strombus bubonius, commonly referred to as Tyrrhenian.
These three marine Tyrrhenian units exhibit a diversity of morpho-sedimentary models controlled by the tectonic activity of the Mediterranean area, which is closely related to the approximation of Mrica and Iberia during the Quaternary. A compre ss ion al realm resulted from movements of the trans-Alboran fault ( Fig. 1 ) which acted as a transmitter of sinistral stresses (Montenat et al., 1987) . Compressional stresses decreased from south to north (Almería to Alicante, zones 4-1, Fig. 1 ) and generated a sequence of variable tectonic uplift beca use of a reduction in the absorption of the deformation. Extensional regimes active during the Quaternary occur in Valencia and Balearic Islands (zones 6 and 7, Fig. 1 ) because of processes of the "Valencia Trough." Quaternary extensional processes in southwestern Spain induced strong subsidence in the Guadalquivir and Cádiz are as (zone 5, Fig. 1 ) (Zazo et al., 1985) . These phenomena EUROASIATIC P.L. are related to the Cádiz-Alicante dextral fracture-line which is connected to the Azores transforrn fault.
Thus there is a highly-variable geodynamic pattern during the Quaternary in south Spain from are as trending to uplift with a staircase of marine terraces in Almería to subsiding are as both on the Atlantic side and the Oval of Valencia where large complexes of beach barriers and lagoons developed.
The studied are a is important for understanding global and regional phenomena beca use of its proximity to the Gibraltar Strait. Two important phenomena which occurred during glacial-interglacial periods affected the deposition of marine Quaternary deposits. Firstly, migrations through the Strait of both warm fauna coming from the equatorial Atlantic Ocean and cold fauna. Secondly, the differences in the exchange of Atlantic and Mediterranean water-mas ses during glacial and interglacial periods (Abrantes, 1988) greatly changed the coastal processes which, in one way or another, are related to the incoming current and the clock-wise (anticyclonic) vortexes that it produces in the Alborán Sea (Somoza et al., 1991) .
Sea-Ievel highstands in the last 200 ka in Spain, reference episodes and isotopic measurements Four morpho-stratigraphic marine units bearing warm fauna including Strombus bubonius have been distinguished in the southeastern Spanish littoral. Distinctive criteria were geomorphological mapping, sedimentological and neotectonic studies Zazo, 1986, 1988; Bardají et al., 1986; Somoza, 1989) coupled with isotopic measurements (Bernat et al., 1982; Brückner, 1986; Hillaire-Marcel et al., 1986; . These episodes have been named T-I (Tyrrhenian 1, age ca. 180 kyr), T-II (ca. 128 kyr), T-I1I (ca. 95 kyr) and T-IV. The youngest, fourth episode (T-IV) has not be en dated so far .
The same units crop out in the Balearic littoral, but S. bubonius is present in the deposits of the two older episodes (T-I and T-II) only. In situ S. bubonius do not occur in T-II1 (although there are reworked remains); however, T-II1 bears the warm fauna, represented by in situ Conus testudinarius, which usually accompanies S. bubonius. The youngest episode (T -IV) yields abundant Acar plicata, a fossil that lacks climatic significanee. Thus, no clima tic inference may be drawn about T-IV, but it is interesting to note that Acar plicata has not been found in the Holocene deposits of the Balearic Islands (Cuerda, 1989; Goy et al., in press ) deposited under conditions somewhat colder than the Tyrrhenian events.
So, there are three well-dated peaks of maximum sea level, or highstands (T-I: isotopic substage 7a, T-II: isotopic substage 5e, T-III: isotopic substage 5c). The episode equivalent to T-IV probably corresponds to the isotopic substage 5a Zazo et al., 1991) .
In addition, there are three peaks of maximum sea level during Holocene time: Hl ca. 5100 yr B.P., H 2 ca. 3500 yr B.P. and H3 ca. 2400 yr B.P. (Somoza et al., 1991) .
Factors controlling the geometry and three-dimensional arrangement oC marine and terrestrial deposits Several factors (sea level changes, tectonics and oceanography, including geoidal and steric changes and coastal dynamics) interacted during the generation of these morphostratigraphic units. Each factor shaped one or more particular aspects of the resulting sediment .
Sea-Ievel changes cause sedimentation in a given locality to be discontinuous, because it is alternatively exposed or flooded during succeeding oscillations. This is true in both vertical and horizontal directions. In our case study, only coastal and shallow marine sediments are observed because those of other stages including lowstands are under the present level of the Mediterranean Sea. And this, only in the situations where no post-depositional sinking has taken place.
Three main peaks indicative of three sea-Ievel highs (highstands) are recorded on the Spanish coasts during the Last Interglacial. They correspond to the morpho-sedimentary Tyrrhenian units T-II, T-II1 and T-IV, deposited during a time span of sorne 45,000 yr. Several smaller oscillations can be distinguished inside each of these units which can be mapped in the are a of Almería Oocality 4, Fig. 1 ). There are at least three such oscillations, with an presumed average duration of sorne 10,500 yr each, within the peak T-I1 (5e, Fig. 2 ).
As the positive variations of sea level (H p H 2 , and H 3 ) recorded during the present Interglacial (Holocene) are much shorter than these of the Last Interglacial, we infer that they are actually smaller-scale fluctuations (2500-1100 yr cycles) within the first oscillation (duration: ca. 10,500 years) of the first Holocene peak of sea level which, if we take the Last Interglacial as a reference, has not yet been completed (Fig. 2) .
The tectonic factor, visualized as rates of uplift and (or) subsidence, has a longer-Iasting effect (but this does not imply that it will retain the same value with time) which is superimposed upon those previously cited.
Its main effect is to control the vertical and lateral arrangement of morpho-sedimentary units, which can be termed the stratigraphic architecture. As discussed later, variable rates of vertical movements will induce dramatic changes of architecture.
Areas with tectonic uplift will be characterized by staircased, prograding gravelly beaches (highstands) separated by subaerial or fluvial eros ion al TABLE 1 Geometries and sedimentary models of Tyrrhenian marine units as related to tectonics and distance to the source of sediment (modified after Zazo et al., 1990 
surfaces (Iowstands), whereas sinking areas will favour the deposition of vertically stacked sequences with coastal onlap of beach-barrier systems deposits ( Table 1) . The coastal dynamics factor largely depends on global sea-level changes which greatly influence the exchange of waters between the Atlantic and the Mediterranean. At present, a rapid current of surface Atlantic waters enters the Mediterranean forming anticyclonic vortexes which reach both the African and the Spanish coasts (Parrilla and Kinder, 1987) . Maximum incursion of water coincides with periods of maximum insolation in the Mediterranean Sea, when increased evaporation produces differences in sea level on both sides of the Strait of Gibraltar.
The places in which the present circulation pattern reaches the coasts of the Alborán Sea closely coincide (Somoza et al., 1991) with those yielding the largest number of species of the warm fauna (S. bubonius) and with those where they persisted longest (Almería and Alicante, 10-calities 4 and 1, respectively in Fig. 1 ) during the Pleistocene.
The major point about this factor is that it defines and modifies the sedimentological features and organization of any unit being des posited during a particular combination of "regional/ global" sea-level and tectonic situations. It influences the rates of coastal accretion or retreat, setting up and reversals of littoral drift, erosional surfaces, and input of sediment available for the coastal budget.
Types of sequences of marine episodes according to the tectonic factor (episodes of the last 200,000 yr) As previously discussed, the tectonic factor controls the disposition of each marine episode in the whole sequence and the type of coast which exists in a given highstand. The sedimentary pattern of marine episodes and their correlative sedimentary environments can be related with the trend of vertical movement in the last 200 kyr.
It is known that movements due to the tectonic factor are not constant with time. However, the data obtained from Tyrrhenian and Holocene deposits in the studied Spanish coast indicate that at least the general trends of uplift or subsidence have persisted during the last 200 kyr (Goy et al., 1987a) .
Rates of uplift or subsidence in the various are as were calculated using the marine deposits .. of episode T-I1I (ca. 95 kyr, isotopic substage 5c). We chose this particular Tyrrhenian morphosedimentary unit because it is the best developed and the more continuous laterally.
We used the present altimetric position (positive or negative) of the Tyrrhenian-I11 episodes, defined either directly using isotopic dating or indirectly via cartographic or sequential correlation, to quantify rates of displacement. Plotting heights in a S-N line (Fig. 3) from Almería Oocality 4 in Fig. 1, compressional setting) to Alicante and Valencia Oocality 6 in Fig. 1 , extensional re gime) we can observe a decrease in the heights at which T-I11 episodes occur. Datum is present Mediterranean sea-level at Alicante.
Considering a reference height of O m for the episode T -nI, average values of velocities of tectonic movements were observed to change from low uplift (7.56 cm/kyr) in Almería or very low uplift (2.25 cm/kyr) in Aguilas-Cope to low subsidence (8 cm/kyr) in Mar Menor lagoon, very low subsidence (1.2 cm/kyr) in La Mata and low subsidence (up to 12.8 cm/kyr) in the Oval of Valencia area. These values of vertical displacement are one order of magnitude less than those of modern tectonically-active are as (usually less than 200 cm/kyr) or those of are as with very active tectonics of the island-arc type (over 400 cm/kyr, Lajoie, 1986) .
There is a close relationship between the calculated values of vertical displacement and the sedimentary models of marine deposits and their geometric pattern or stratigraphic architecture (Table 1) .
Rates of vertical displacement greatly influence the relationship of marine and terrestrial deposits resulting from the alternation of highstands and lowstands.
In are as with low uplift rates (e.g. Almería) marine episodes occur as a staircase. Marine units were deposited during highstands and were separated by thin veneers of colluvial deposits formed during the intervening lowstands.
In are as with very low rates of uplift (Cope area, Murcia), highstand deposits are marine fan-deltas connected to ephemeral wadi-like rivers (ramblas) which prograde rapidly during flash floods but stay inactive and are reworked by coastal processes for most of the time. Alluvial streams generate alluvial fans during lowstands. In consequence, offlapping sequences of alternating fan-delta (highstand) and alluvial-fan Oowstand) deposits are generated. A common feature of the areas with very low uplift is the progradation of coastal deposits. This is interpreted as a result of the continuous reactivation of the fluvial network following the uplift of the continental zones.
In contrast, subsiding are as are characterized by the development of barrier islands and lagoons independent of sediment supply by rivers. Subsiding areas during Tyrrhenian In are found to the north (Fig. 1, Table 1 ) (Mar Menor, Torrevieja, La Mata, Santa Pola, Saladar, Pego and La Albufera de Valencia lagoons) and to the southwest (Cádiz) where lowlands are well represented. Depending upon the rate of subsidence, the successive highstand units exhibit three different geometric patterns reflected in the present-day morphology of the barrier island-lagoon systems.
Very low rates of subsidence (1.2 cm/kyr) induce vertical stacking of beach ridges separated by gentle erosional surfaces (Torrevieja, La Mata, Santa Pola). Present morphologies are closed fresh-water lagoons with no exchange of water or sediment with the open sea. A Holocene beach occurs entrenched into in the relict Pleistocene beaches. Rates of subsidence during Holocene times were not high enough to allow drowning of the Pleistocene beaches and inundation of the lowlands areas behind the barrier. In the are a of Cádiz, the very low regional rate of subsidence (1 cm/kyr) induced coastal onlap of Late Pleistocen e deposits where this subsidence was higher (Bay of Cádiz) with the deposition of Ouljien (Tyrrhenian In) episodes being further inland than those of Middle Pleistocene age (Zazo et al., 1983) .
The second pattern occurs in are as with low subsidence rates (8 cm/kyr). The stratigraphic architecture consists of stacked retrogradational (onlapping) barrier islands which migrated inland over the lagoonal deposits. This is the case of Mar Menor where poorly-developed recent beaches overlie a submerged terrace made of consolidated marine deposits. Thelagoon is con- (1972 -1988) Fig. 4. Tide-gauge record (average levels) of Málaga harbour in the period 1972-1986 O.E.O., 1991) . Note the rising trend (10-15 cm/15 yr) and the relation between the flow of Atlantic water masses into the Mediterranean (P) and the abrupt rises of sea leve\.
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nected to the open sea through the more subsiding are as (Díaz del Río et al., 1990) where overwash processes are al so important.
The third pattern in subsiding areas occurs with relatively higher subsidence rates of 12.8 cm/kyr. Rates of subsidence measured in the Oval of Valencia (Fig. 2 ) are higher because of the extensional tectonic regime experienced during the Quaternary. Pleistocene marine deposits in this area extend from the inner shelf to the present shore (Goy et al., 1987b) . Retrograding, Tyrrhenian marine episodes occur at depths ranging from 21 to 17 m (Dupré et al., 1988) in boreholes. Continued subsidence during the Holocene allowed the development of large beach-barriers and lagoonal peats. From a morpho-dymanic point of view, the are a is unstable because the coastal complexes deposited during highstands are strongly controlled by fluctuations of sea level. The reason is that the consolidated Late Pleistocene deposits cannot act as a supporting platform for Holocene spits and barriers (as they do in areas with low rates of subsidence such as the Mar Menor) because they are too deep below sea level.
Types of sequences of marine episodes according to the Atlantic-Mediterranean water mass balance (episodes in the last 6 kyr)
The intrusion of Atlantic water into the Mediterranean sea and the trajectory of the buoyant plume seems to have controlled the persistence of S. bubonius during the isotopic stages 7 and 5 in Almería and until the Last Interglacial in Alicante (Goy and Zazo, 1988; . But, in addition it al so determined the are as with maximum rates of beach-ridge progradation in Almería and Alicante during the Holocene, which are related to the coastal segments where the anticyclonic-turning plume swept the coast.
Detail geomorphological analysis and dating of Holocene beach ridges on the coast of Almería revealed that the maxima of progradation took place during highstands (H 1 , H 2 , H 3 ) which, in turn, coincided with warmer periods and maximum input of Atlantic water (Somoza et al., 1991) .
For more recent epoch, tide-gauge data collected between 1973 (Instituto Español de Oceanografía, 1991 indicate an average rise of sea level of about 1 cm/yr (Fig. 4) . This figure is of the same order as rates frequently suggested for the coming years by sorne authors. As these rates were calculated in are as close to the Atlantic, we suggest that values measured in are as located more distal from the Straits of Gibraltar along the Mediterranean coast of Spain will be different.
Conclusions
Three main peaks representing global highstand s of sea level in the Last Interglacial have been distinguished on the Spanish Mediterranean coast. The marine deposits (morpho-stratigraphic units) representative of these highstands contain the Tyrrhenian warm fauna including the typical S. bubonius: T -11, ca. 128 kyr (isotopic substage 5e), T-I1I, ca. 95 kyr (isotopic substage 5c) and T-IV, probably representative of isotopic substage 5a (ca. 80 kyr).
Several minor positive oscillations of sea level were distinguished inside each of these morphostratigraphic units. Three of them are included in the isotopic substage 5e, which presumably lasted each ca. 10,500 years. The three positive sea-level fluctuations (H 1 ca. 5100 yr B.P., H 2 ca. 3500 yr B.P., H3 ca. 2400 yr B.P.) recorded on the Spanish coast during the Present Interglacial imply cycles which lasted 2500-1100 yr. If we compare these values with those deduced from the Last Interglacial, we conclude that, at present, we are within the first oscillation (duration 10,500 yr) of the first peak of sea-level highstand, which corresponds to an isotopic substage. Consequently, we should expect other positive oscillation(s) of sea level in the coming years.
As the tectonic factor greatly influences and modifies the effects of sea-level changes in the coastal are as of tectonically-active regions such as the Mediterranean, sorne conclusions can be drawn.
If, as suggested by sorne authors, the rate of sea-level rise for the coming years is about 1 cm/yr, these gradients are much higher than those reached by the tectonic factor in the Spanish coast for the last 100 kyr. Shoreface erosion and transgression with landward migration of barrier islands and lagoons will occur in subsiding areas, characterized by negative coefficients (Murcia-Alicante and Valencia), even with relatively low values of sea-level rise (Iess than 0.5 cm/yr). Intermediate values of sea-level rise (0.5-1 cm/yr) will increase this transgressive trend. Thus, areas with subsidence rates in excess of 7.5 cm/kyr (Mar Menor and Oval of Valencia, locality 6, Fig. 1 ) are those which are most menaced by transgression and erosion of barrier islands and lagoons both in the cases of stable and rising sea levels. The expected risks are smaller in areas with lower rates of subsidence (La Mata, Santa Pola, and Torrevieja lagoons) when a stable sea level is considered, but these will tend to be eroded in the case of a rise of sea level.
